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(54) CARBON MATERIAL FOR ELECTRODE AND NONAQUEOUS SECONDARY BATTERY 
USING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a carbon material for an electrode having a high 
electrode filling property, high energy density, and an excellent quick charging/discharging 
property. 

SOLUTION: In this carbon material for an electrode, a surface interval (d002) by a wide angle 
X-ray diffraction method (002) is less than 0.337 nm, the crystallite size (Lc) is 90 nm or \arger, 
R value which is the, ratio of the peal intensity of 1360 cm-1 versus the peak intensity at 1580 
cm-1 is 0.2 or more, and a tap density is 0.75 g/cm3 or more. : j i. .,. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The carbon material for electrodes characterized by for the R value whose spacing (d002) 
of the field by the wide angle X-ray diffraction method (002) is the peak intensity ratio of 1360cm-1 
to the peak intensity [ in / in less than 0.337nm and microcrystal size (Lc) / 90nm or more and an 
Ar-ion-laser Raman spectrum ] of 1580cm-1 being 0.20 or more, and tap density being three or 

more 0.75 g/cm. 

[Claim 2] The carbon material for electrodes according to claim 1 characterized by true density 
being three or more 2.21 g/cm. 

[Claim 3] The carbon material for electrodes according to claim 1 or 2 characterized by a BET 

specific surface area being under 18m2/g, 

[Claim 4] The carbon material for electrodes according to claim 1 to 3 characterized by mean 
particle diameter being 2-50 micrometers. 

[Claim 5] The carbon material for electrodes according to claim 1 to 4 characterized by the full 
width at half maximum of 1580cm^l in an Ar— ionHaser Raman spectrum being one or more [ 20cm — 

[Claim 6] The double layer structure carbon material for electrodes manufactured by carbonizing 
this organic compound after mixing a carbon material according to claim 1 to 5 with an organic 

compound. 

[Claim 7] The nonaqueous rechargeable battery characterized by said some of carbonaceous 
ingredients [ at least ] being carbonaceous ingredients according to claim 1 to 6 in the nonaqueous 
electolyte rechargeable battery which has the nonaqueous electolyte which consists a lithium of the 
negative electrode containing occlusion and the carbonaceous ingredient which can be emitted, a 
positive electrode, and a solute and a nonaqueous solvent. 

[Claim 8] The nonaqueous rechargeable battery according to claim 7 said whose solutes are one or 
more compounds chosen from LiCI04. LiPF6, LiBF4, UCF3S03. and the group which it becomes 
from UN (CF3S02)2, UN (CF3CF2S02)2, UN (CF3S02) (C4F9S02). and LiC (CF3S02)3. 
[Claim 9] The nonaqueous rechargeable battery according to claim 7 or 8 characterized by a 
nonaqueous solvent containing annular carbonate and chain-like carbonate. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the nonaqueous rechargeable battery which used 
the carbon material for electrodes, and it. furthermore, the carbon material for electrodes which can 
constitute the nonaqueous rechargeable battery which is high capacity and has good quick 
charge/discharge capability in detail — it is preferably related with the carbon material for negative 
electrodes. 
[0002] 

[Description of the Prior Art] In recent years, the rechargeable battery of high capacity is needed 
with the miniaturization of electronic equipment. Especially compared with a nickel cadmium battery 
and a nickel hydoride battery, the lithium secondary battery with a high energy density has attracted 
attention. Although to use a lithium metal at first was tried as the negative-electrode ingredient, 
while repeating charge and discharge, the lithium deposited in the shape of resin (the shape of a 
dendrite), the separator was penetrated, even the positive electrode reached, and it became clear 
that there was a danger of short-circuiting two poles. Therefore, its attention has been paid to the 
ingredient of a carbon system which can prevent generating of a dendrite instead of a metal 
electrode. 

[0003] Kamiichi of the cell which adopted the difficulty graphite nature carbon material with low 
degree of crystallinity as the negative-electrode ingredient as a nonaqueous electrolyte 
rechargeable battery which used the carbon system ingredient was carried out first. Then, Kamiichi 
of the cell using graphites with high degree of crystallinity is carried out, and it has resulted in 
current. The electric capacity of a graphite is 372 mAh/g and theory top max, and if the electrolytic 
solution is chosen appropriately, it can obtain the cell of a high charge-and-discharge capacity. 
Using the carbonaceous object which has double layer structure as furthermore shown in 
JP.4-171677,A is also examined. This is based on the idea of compensating demerit, crystallinity 
combining the advantage (high capacity and irreversible capacity being small) of a high graphite, 
demerit (the propylene carbonate system electrolytic solution being disassembled), and the 
advantage (it excelling in stability with the electrolytic solution) and demerit (irreversible capacity 
being large) of a carbonaceous object with low degree of crystallinity, and employing the mutual 
advantage efficiently, 

[0004] Compared with a difficulty graphite nature carbon material, crystallinity of graphites (double 
layer carbonaceous object containing a graphite and a graphite) is high, and its true density is high. 
Therefore, if a negative electrode is constituted using the carbon material of these graphites, high 
electrode restoration nature is obtained and the volume energy density of a cell can be raised. When 
it constitutes a negative electrode from graphite system powder, a binder is mixed with powder, the 
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slurry which added the dispersion medium is created, this is applied to the metallic foil which is a 
charge collector, and. generally the approach of drying a dispersion medium is used after that. Under 
the present circumstances, it is common to establish the process which performs compression 
molding further for the purpose of sticking by pressure to a powdered charge collector, equalization 
of the plate thickness of an electrode, and improvement in plate capacity. By this pressing 
operation, the plate consistency of a negative electrode improves and the energy density per volume 
of a cell improves further. 

[0005] However, it is high crystallinity and. also industrially, the particle shape of an available 
common graphite ingredient is the shape of a scale, a lepidic form, and tabular. It is considered that 
the carbon crystal mesh plane originates in becoming a graphite crystallinity graphite by carrying out 
laminating growth in the one direction that this particle shape is the shape of a scale, a lepidic form, 
and tabular. Since there is little abundance of the crystal edge side which a lithium ion can frequent 
because particle shape is the shape of a scale, a lepidic form, and tabular and there is much 
abundance of the BESARU side which does not participate in receipts and payments of a lithium ion 
although discharge capacity with it is shown because of the crystalline height when these graphite 
ingredients are used for the negative electrode of a nonaqueous electrolyte rechargeable battery, 
the fall of capacity is seen in the rapid charge and discharge in high current density. [ there is little 
irreversible capacity and big ] Moreover, since a particle gap will not fully be secured by one side 
although a plate consistency rises according to condensation if a graphite particle is plate-ized 
through the above-mentioned plate production process, migration of a lithium ion is barred and there 
is a problem that the quick charge/discharge capability as a cell will fall. 

[0006] Furthermore, when a tabular graphite particle is fabricated as an electrode, the plate surface 
of fine particles is arranged by an electrode plate side and parallel by the high probability under the 
effect of the spreading process of a slurry, and the pressing operation of a plate. Therefore, the 
edge side of the graphite microcrystal which constitutes each fine-particles particle is a 
comparatively high probability, and is fabricated by physical relationship perpendicular to an 
electrode surface. When charge and discharge were performed in the state of such a plate, by 
moving between forward negative electrodes, the lithium ion from which it is inserted and desorbed 
at a graphite once needed to turn around the fine-particles front face, and also had the problem 
that it was remarkable and disadvantageous, in respect of the migration effectiveness of the ion in 
the inside of the electrolytic solution. Furthermore, since the particle was carrying out the tabular 
configuration, the opening left behind to the electrode after shaping also had the problem that it will 
be shut, to the electrode exterior. That is. since free circulation of the electrolytic solution with the 
electrode exterior was barred, there was a problem that migration of a lithium ion was barred. 
[0007] On the other hand, the ratio of the crystal edge side which a lithium ion frequents considers 
as the negative-electrode ingredient which carried out the spherical gestalt which can secure an 
opening required for migration of the lithium ion within a plate highly, the graphitization object of a 
meso carbon micro bead is proposed, and it is already commercialized. If the gestalt is spherical, 
even if it will pass through an above-mentioned plate pressing operation by the area to which a 
lithium ion can frequent a particle increasing if the ratio of an edge side is high, the isotopy of a flaw 
and an edge side is maintained for an alternative array by each fine-particles particle, and the 
passing speed of the ion in the inside of an electrode plate is maintained good. Furthermore, the 
opening which remained inside the electrode originates in the particle shape, and since it is in the 
condition connected with the electrode exterior, migration of a lithium ion is comparatively free and 
serves as the electrode structure where it can respond also to rapid charge and discharge. However, 
since a meso carbon micro bead has the low crystal structure level as a graphite, the limitation of 
electric capacity is as low as 300 mAh/g. and it is already known widely that it is inferior to the 
shape of a scale, a lepidic form, and a tabular graphite. 
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[0008] Paying attention to these problems, invention which specified the configuration of the 
graphite used for a nonaqueous electrolyte rechargeable battery is also performed. JP,8-180873,A 

— a scale — invention which specified the ratio of a ** particle and the particle which is not a 
scale-like comparatively etc. is indicated, one of these — JP,8-83610,A — this — reverse — more 

— a scale — it is indicated that a ** particle is desirable. 
[0009] 

[Problem(s) to be Solved by the Invention] The practical use cell is asked for the electrode which 
combines high electric capacity and the outstanding quick charge/discharge capability. The 
electrode which fully fills such a demand has still come [ however, ] to be offered. For this reason, 
to improve the quick charge/discharge capability of the shape of a scale, a lepidic form, and a 
tabular graphite ingredient especially is desired strongly. Then, it made for this invention to solve the 
trouble of the conventional technique in response to the demand from such the former into the 
technical problem. That is. it made to offer the carbon material for electrodes which the electrode 
restoration nature of an ingredient is high, and is a high energy consistency, and was excellent in 
quick charge/discharge capability into the technical problem which should be solved. 
[0010] 

[Means for Solving the Problem] In order to solve an above-mentioned technical problem, as a 
result of this invention persons' repeating examination wholeheartedly, in order to Improve the 
engine performance of an electrode The thickness direction of the graphite particle which maintains 
high discharge capacity because the interior of a graphite particle is a high crystal, and is carrying 
out tabular is comparatively thick. By moreover, the thing for which the graphite particle which is 
high [ the rate of an abundance ratio of the edge section ] by what it is [ the thing ] ruined (particle 
which has a crack and bending in a BESARU side and the edge section of a crystal exposed to it) is 
used By raising more nearly isotropic arrangement of a particle, i.e.. isotropic arrangement of an 
edge part, because make the amount of the part which a lithium ion can frequent increase and 
graphite particle shape will use a carbon material with high restoration nature more nearly 
spherically further soon It came to acquire knowledge that the electrode which was excellent in high 
capacity quick charge/discharge capability and a cycle property is obtained. 

'[001 1] The carbon material for electrodes of this invention is completed based on such knowledge. 
The spacing (d002) of the field by the wide angle X-ray diffraction method (002) in the first place 
Less than 0.337nm, The R value whose microcrystal size (Lc) is the peak intensity ratio of 
1360cm-1 to the peak intensity of 1580cm-1 in 90nm or more and an ArHonHaser Raman spectrum 
0.20 or more It is what is characterized by tap density being three or more 0.75 g/cm. And this 
invention [ second ] After mixing with an organic compound the carbon material which has the 
above-mentioned property as a carbon material for electrodes. It is what is characterized by using 
the double layer structure carbon material obtained by carbonizing this organic compound. In the 
nonaqueous electolyte rechargeable battery which has the nonaqueous electolyte which consists [ 
third ] a lithium of the negative electrode containing occlusion and the carbonaceous ingredient 
which can be emitted, a positive electrode, and a solute and an organic system solvent Said some of 
carbonaceous ingredients [ at least ] are the nonaqueous rechargeable batteries characterized by 
being the carbonaceous ingredient or double layer structure carbonaceous ingredient which has the 
above-mentioned property. 
[0012] 

[Embodiment of the Invention] The carbon material for electrodes, the double layer structure carbon 
material for electrodes, and rechargeable battery of this invention are explained below at a detail. 
[0013] It is characterized by the carbon material for electrodes of carbon material this invention for 
electrodes having the R value which is the peak intensity ratio of 1360cm-1 to the peak intensity of 
1580cm-1 in the spacing (d002). the microcrystal size (Lc). and the Ar-ionHaser Raman spectrum of 
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the field by the wide angle X-ray diffraction method (002), and tap density in the predetermined 
range. That is. the spacing (d002) of the field according [ the carbon material for electrodes of this 
invention ] to a wide angle X-ray diffraction method (002) is less than 0.337nm, and microcrystal 
size (Lc) is 90nm or more. Moreover, 0.20 or more, the R value which is the peak intensity ratio of 
1360cm-1 to the peak intensity of 1580cm-1 in an Ar-ionHaser Raman spectrum can choose 0.25 
or more things especially preferably, and can use the carbon material for electrodes of this invention 
especially 0.23 or more preferably. As for the upper limit of an R value. 0.5 or less are [ that what is 
necessary is just 0.9 or less / 0.7 or less ] especially preferably desirable. Furthermore, the carbon 
material for electrodes of this invention is characterized by tap density being three or more 0.75 
g/cm, and it is three or more 0.80 g/cm preferably, and upper limits are 1 .20 g/cm3 more preferably 
three or less 1,40 g/cm, 

[0014] The spacing (d002) and microcrystal size (Lc) of a field by the wide angle X-ray diffraction 
method (002) show that it is a value showing the crystallinity of carbon material bulk, and it is a 
crystalline high carbon material, so that microcrystal size (Lc) is so large that the value of the 
spacing (d002) of a field (002) is small. Moreover, the R value which is the peak intensity ratio of 
1360cm-1 to the peak intensity of 1580cm-1 in an Ar-ionHaser Raman spectrum in this invention is 
an index with which the crystallinity near the front face of a carbon particle is expressed (about [ 
from a particle front face ] 100A). crystallinity is so low that an R value is large, or it is shown that 
the crystallized state is confused. 

[0015] In this invention, the spacing (d002) of the field by the wide angle X-ray diffraction method 
(002) Namely, less than 0.337nm. Although the crystallinity of a carbon particle is high, the carbon 
material for electrodes whose R value which microcrystal size (Lc) is 90nm or more, and is the peak 
intensity ratio of 1360cm-1 to the peak intensity of 1580cm-1 in an Ar-ionHaser Raman spectrum 
is 0.20 or more It is shown that it is ruined and the abundance of a condition with much distortion, 
i.e.. the edge section, is high. Furthermore, the carbon material for electrodes whose tap density is 
three or more 0.75 g/cm shows that the filling factor of an electrode is high and particle shape has a 
radius of circle. 

[0016] In this specification, "tap density" means the bulk density after carrying out a tap 1000 
times, and it is expressed with the following formulas. 

[Equation 1] Tap density = restoration volume of the mass/fine particles of restoration fine particles 
[0017] Although the packing structure of a fine-particles particle is influenced by extent of the 
magnitude of a particle, a configuration, and the interaction force between particles etc.. on these 
specifications, tap density is being used for it as an index which argues about packing structure 
quantitatively. Various formulas are proposed as a formula showing tap restoration behavior as the 
example — degree type: — [Equation 2] Rho-rho n=A-exp (-k-n) 

******** — things are made. Bulk density [ in / in rho / the end of restoration ] and rhon are [ 
here. ] the bulk density at the time of n times restoration, and k and A are constants. The "tap 
density" as used in this specification considers that the bulk density at the time of the 1000 times 
tap restoration to 20cm three eels (rho 1000) is final bulk density rho. 

[0018] As long as the carbon material for electrodes of this invention fulfills these conditions, 
especially other physical properties are not restricted. However, the desirable range of other 
physical properties is as follows. Within the limits whose mean particle diameter is 2-50 micrometers 
is suitable for the carbon material for electrodes of this invention, it is desirable that it is within the 
limits which is 4-35 micrometers, and it is [ it is more desirable that it is within the limits which is 
5-27 micrometers, and ] still more desirable that it is the range which is 7-19 micrometers. In 
addition, the range indicated by "-" in this specification shows the range including the numeric value 
indicated before and behind "-." 

[0019] As for especially the carbon material for electrodes of this invention, it is desirable that a 
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BET specific surface area is below 13m2/g under 18m2/g and below 15 morem2/g. Moreover, it is 
desirable that the full width at half maximum of 1580cm-1 in an Ar-ion-laser Raman spectrum is one 
or more [ 20cm - ], as for an upper limit, it is desirable that it is one or less [ 27cm - ], and 
especially 21 -26cm- 1 can be chosen and used. Furthermore, as for the carbon material for 
electrodes of this invention, it is desirable that true density is three or more 2.21 g/cm. it is more 
desirable that they are three or more 2.22 g/cm. and it is desirable that they are especially three or 
more 2.24 g/cm. 

[0020] In the flow type particle image analysis meter which the carbon material for electrodes of this 
invention photos at a time thousands of one particle distributed in liquid using a CCD camera, and 
can compute the average shape parameter That from which the average circularity (it is set to 1 , so 
that a particle image is close to a perfect circle, and it becomes such a small value by the ratio 
which used the boundary length of a granular structure product equivalent circle as the molecule, 
and made the denominator the boundary length of the picturized particle projection image that it is 
carrying out convexo-concave one or a particle image is long and slender) for all particles becomes 
0.940 or more is desirable. Moreover, the G value which is the surface ratio of the peak area 
(integral value of 1480-1 680cm-1) of a near [ 1580cm-1 to the peak area (integral value of 
1260-1 460cm- 1) of the near / 1360cm-1 / in an argon laser Raman spectrum ] is desirable, the 
carbon material for electrodes of this invention is less than 2.5 more preferably less than 3.0, and it 
is desirable that a minimum is 1.0 or more although there is especially no limit. 
[0021] Even if it uses the carbon material produced naturally, the carbon material manufactured 
artificially may be used for the carbon material for electrodes of this invention. Moreover, especially 
the manufacture approach of the carbon material for electrodes of this invention is not restricted, 
either. The carbon material for electrodes which follows, for example, has the above-mentioned 
property using judgment means, such as sieving and pneumatic elutriation. can also be sorted out 
and acquired. The most desirable manufacture approach is an approach of adding and reforming 
dynamic energy processing to the carbon material produced naturally or the carbon material 
manufactured artificially, and manufacturing the carbon material for electrodes. Then, this 
mechanical energy processing is explained below. 

[0022] The carbon materials of the raw material used as the object which adds mechanical energy 
processing are natural or artificial graphite powder and carbonaceous powder which is a graphite 
precursor. These graphite powder and carbonaceous powder have that desirable SOnm or more and 
whose true density less than 0.340nm and microcrystal size (Lc) are three or more 2.25 g/cm for a 
spacing (d002). That whose spacing (d002) is less than 0.338nm especially is more desirable, and 
what is less than 0.337nm is still more desirable. Moreover, as for microcrystal size (Lc), what is 
90nm or more is more desirable, and what is lOOnm or more is still more desirable. What is 15 
micrometers or more is more desirable, what is 10 micrometers or more is desirable, and what is 25 
micrometers or more is [ as for mean particle diameter, what is 20 micrometers or more is still more 
desirable, and ] further more desirable. About the upper limit of mean particle diameter, what is 500 
micrometers or less is more desirable, what is 1mm or less is desirable, and what is 200 micrometers 
or less is [ what is 250 micrometers or less is still more desirable, and ] further more desirable. 
[0023] Graphite powder and carbonaceous powder can be used as a raw material, even if 
crystallinity is high and it is low. Since the raw material with low crystallinity has comparatively low 
plane orientation nature and turbulence is in structure, a grinding side is comparatively isotropic and 
it is easy to obtain the processing roundish [ wore ] by performing mechanical energy processing. 
Moreover, after performing mechanical energy processing, crystallinity can be raised if it heat-treats 
further. 

[0024] In the carbon material used as the object which adds mechanical energy processing, the high 
orientation graphite into which the hex-steel side was greatly grown up in plane orientation as a high 
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crystallinity carbon material with which the carbon hex--steel plane structure progressed, and the 
isotropic high density graphite which gathered the graphite particle of high orientation isotropicly 
can be mentioned. As a high orientation graphite, the natural graphite from Sri Lanka or a MADAKA 
scull and the artificial graphite of a high degree of graphitization of the so-called kish graphite part 
deposited as carbon of supersaturation from the fused iron can be illustrated as a suitable thing. 
[0025] A natural graphite is classified into a scale-like graphite (Flake Glaphite), flaky graphite 
(Crystalline (Vein) Glaphite), and a soil graphite (Amorphousu Glaphite) according to the description 
(refer to the term of the graphite of "particulate matter process technical collection" (Industrial 
Technical Pin center.large, Showa 49 issue), and "HANDBOOK OF CARBON, GRAPHITE. DIAMOND 
AND FULLERENES" (Noyes Publications issue)). Although flaky graphite of a degree of 
graphitization is the most expensive at 1 00% and a scale-like graphite is expensive at 99.9% 
subsequently to this, a soil graphite is as low as 28%. The scale-like graphite which is a natural 
graphite is produced to Madagascar. China. Brazil, the Ukraine, Canada, etc.. and flaky graphite is 
mainly produced to Sri Lanka. The soil graphite makes the Korean Peninsula, China. Mexico, etc. the 
main places of production. Generally in these natural graphites, a soil graphite has low purity the top 
where particle size is small. On the other hand, since there are the advantages, like a degree of 
graphitization and the amount of impurities are low. a scale-like graphite and flaky graphite can be 
preferably used in this invention. 

[0026] An artificial graphite can be manufactured by heating petroleum coke or coal pitch coke at 
1500-3000 degrees C or the temperature beyond it under a non-oxidizing quality ambient 
atmosphere. In this invention, if high orientation and high electrochemistry capacity are shown after 
performing mechanical energy processing and heat treatment, any artificial graphite can be used as 

a raw material. 

[0027] Mechanical energy processing to these carbon materials is performed so that the 
mean-particle-diameter ratio before and behind processing may become one or less. "The 
mean-particle-diameter ratio before and behind processing" is the value which **(ed) with the mean 
particle diameter before processing the mean particle diameter after processing. Mean particle 
diameter here is the particle size distribution of the volume criteria measured with the laser type 
particle-size-distribution measurement machine. If it measures with a laser type 
particle-size-distribution measurement machine, the particle size distribution which also equalized 
the particle which has an anisotropy in a configuration isotropic, and converted it as a ball 
substantially will be acquired. 

[0028] It is made for the mean-particle-diameter ratio before and behind processing to become one 
or less in the mechanical energy processing which manufactures the carbon material for electrodes 
of this invention and which is performed for accumulating. On the other hand, if it corns, a 
mean-particle-diameter ratio will become one or more, and tap density will also rise. Since returning 
to the condition before processing in the process finally fabricated is fully expected, the particulate 
matter which corned is not desirable. 

[0029] Mechanical energy processing controls particle shape at the same time it reduces grain size 
so that the mean-particle-diameter ratio before and behind processing of a powder particle may 
become one or less. In an engineering unit operation utilizable for the particle design of grinding, 
classification, mixing, granulation, surface treatment a reaction, etc.. mechanical energy processing 
belongs to grinding processing. 

[0030] Grinding applies the force to the matter, decreases the magnitude, and points out adjusting 
the particle size of the matter, particle size distribution, and restoration nature. Grinding processing 
is classified according to the class of force applied to the matter, and processing. The force applied 
to the matter is divided roughly into four, the force (impulse force) struck and broken, the force 
(compressive force) to crush, the force (grinding force) to mash, and the force (shearing force) to 
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shave off. On the other hand, processing generates a crack inside a particle and is divided roughly 
into two, the bulk crushing made to spread and the surface grinding cutting off a particle front face. 
Bulk crushing advances according to impulse force, compressive force, and shearing force, and 
surface grinding advances according to the grinding force and shearing force. Grinding is the 
processing which combined variously the class and processing of the force applied to these matter. 
The combination can be suitably determined according to the processing purpose. 
[0031] Although grinding may be performed using chemical reactions and cubical expansion, such as 
blasting, it is common to carry out using machineries, such as a grinder. As for the grinding 
processing used for manufacture of the carbon material for electrodes of this invention, it is 
desirable that it is the processing to which the rate that is not concerned with the existence of bulk 
crushing but finally surface treatment occupies becomes high. That is because the surface grinding 
of a particle takes the angle of a graphite particle or a carbonaceous particle, and introduces a 
radius of circle into particle shape, so it is important. After bulk crushing progresses to some extent, 
surface treatment may specifically be performed, only surface treatment may be performed for bulk 
crushing to ************, and bulk crushing and surface treatment may be further performed to 
coincidence. It is desirable to perform grinding processing surface grinding finally progresses and the 
rough edge of the character of processing is rounded off from the front face of a particle. 
[0032] The equipment which performs mechanical energy processing is chosen from what has 
possible performing the above-mentioned desirable processing. When this invention persons inquired, 
it became clear that the equipment which repeats mechanical works, such as compression by which 
the interaction of a particle also included impulse force in the subject, friction, and shearing force, 
and is given to a particle is effective. When it specifically has the rotor which installed many blades 
in the interior of casing and the rotor carries out high-speed rotation, the equipment which performs 
surface treatment is desirable, giving mechanical works, such as impact compression, friction, and 
shearing force, to the carbon material introduced into the interior, and advancing bulk crushing. 
Moreover, it is more desirable by circulating or circulating a carbon material that it is what has the 
device in which a mechanical work is repeated and given. 

[0033] Nara Machine Factory hybridization system can be mentioned as an example of such 
desirable equipment. When processing using this equipment, it is desirable to carry out [ second ] 
peripheral velocity of the rotor to rotate in 30-1 00m /, it is more desirable to carry out [ second ] in 
40-1 00m /, and it is still more desirable to carry out [ second ] in 50-1 00m /. Moreover, although it 
is also possible to pass a carbon material, as for processing, it is desirable to make the inside of 
30-second or more equipment circulate or pile up, and to process it, and it is more desirable to 
make the inside of 1 -minute or more equipment circulate or pile up. and to process it. 
[0034] It is desirable to perform heat treatment to which the true density of the carbonaceous 
powder used as a raw material raises crystallinity further after performing mechanical energy 
processing, when crystallinity is not so high at less than 2.25. It is desirable to perform heat 
treatment above 2000 degrees 0, it is more desirable to carry out above 2500 degrees C, and it is 
still more desirable to carry out above 2800 degrees C. While the graphite particle or the 
carbonaceous particle had maintained high crystallinity on the whole by performing such mechanical 
energy processing, it becomes coarse only near the front face of a particle, and it serves as a 
particle which distortion and an edge side exposed. By this, the field which a lithium ion can frequent 
will increase and it will have a high capacity also in high current density. 

[0035] The R value which is the peak intensity ratio of 1360cm-1 to the peak intensity of 1580cm-1 
in the spacing (d002), the microcrystal size (Lc), and the Ar-ionHaser Raman spectrum of the field 
by the wide angle X-ray diffraction method (002) as the crystallinity of a particle and the granularity 
on the front face of a particle, i.e., an index of the edge side abundance of a crystal, can be used. 
Generally, the value of a carbon material of the spacing (d002) of a field (002) is small, and 
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microcrystal size (Lc) of an R value is as small as a large thing. That is, a graphite particle or the 
whole carbonaceous particle is the almost same crystallized state. On the other hand, although the 
carbon material for electrodes of this invention has the small value of the spacing (d002) of a field 
(002) and microcrystal size (Lc) is large, the R value has taken the large value. That is, although the 
crystallinity of carbon material bulk is high, the crystallinity near the front face of a carbon particle 
is confused (about [ from a particle front face ] 100A), and it means that exposure of an edge side 
has increased. Moreover, this mechanical energy processing can introduce a radius of circle into a 
particle, and can raise the restoration nature of these particles. 

[0036] In order to raise the restoration nature of a fine-particles particle, it is known that it is good 
to be filled up with the smaller particle which can enter the opening made between particles. For this 
reason, if grinding etc. is processed and particle size is made small to carbonaceous or a graphite 
particle, it is possible that restoration nature increases, but even if it makes particle size small by 
such approach, generally restoration nature will fall on the contrary. It is thought by grinding as this 
cause that it is because particle shape becomes an indeterminate form more. 

[0037] On the other hand, the rate that the opening of a packed bed occupies falls, so that there is 
much number (coordination number n) of a particle in contact with the one particle in a 
fine-particles particle group (view particle). That is, as a factor which affects a filling factor, the ratio 
of the magnitude of a particle and a presentation ratio, i.e., particle size distribution, are important. 
However, the carbonaceous or the graphite particles before the processing which this examination is 
performed by the globular form particle group like a model, and is dealt with by this invention are the 
shape of a scale, a lepidic form, and tabular, and even if they control particle size distribution by 
only general grinding, a classification, etc. and try a filling factor with the method of being higher, 
they cannot produce so much high restoration condition. 

[0038] Generally, the shape of a scale, a lepidic form, tabular carbonaceous, or a graphite particle is 
in the inclination for restoration nature to get worse, so that particle diameter becomes small. This 
caused further adhering by a certain amount of [ the more detailed indeterminate form particle on a 
particle front face a particle indeterminate-form-izes more by grinding, and letter objects of a 
projection, such as "a split", and "peel and write", "bending", carry out / a particle / the increment 
in generation on the surface of a particle ] reinforcement etc., and is considered for resistance 
between contiguity particles to become large and to worsen restoration nature. These indeterminate 
form nature should decrease, if particle shape approaches a globular form, even if particle diameter 
will become small, reduction of restoration nature should decrease, and tap density comparable also 
at the diameter carbon powder of a large drop or the diameter carbon content of a granule will be 
shown theoretically. 

[0039] By examination of this invention persons, true density is almost equal, and by carbonaceous 
or a graphite particle also with almost equal mean particle diameter, it is checked that a value with 
high tap density is shown, so that a configuration is spherical. That is. it is important to make the 
configuration of a particle roundish and to bring close to it spherically. If particle shape approaches 
spherically, restoration nature's of fine particles will improve greatly to coincidence. In this invention, 
the tap density of fine particles is adopted as the index of whenever [ conglobation ] for the above 
reason. When the restoration nature of the particulate matter after processing is going up compared 
with processing before, the result to which the particle spheroidized can be considered by the used 
art. Moreover, the result of having spheroidized can be considered if the tap density of the carbon 
material obtained when it processes reducing particle size greatly in the approach of this invention 
is a high value compared with the tap density of the carbon material of a comparable particle size 
obtained by general grinding. 

[0040] In this invention, after performing mechanical energy processing, the carbonaceous or the 
graphite particle which performed the classification and removed fines and/or a rough part can also 
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be used. Well-known technique can be used for a classification. The R value which is the peak 
intensity ratio of 1360cm-1 to the peak intensity of 1580cm-1 in an Ar-ionHaser Raman spectrum 
by performing above-mentioned processing by 0,01-0.25 The raw material graphite powder whose 
microcrystal size (Lc) the spacing (d002) of the field by the wide angle X-ray diffraction method 
(002) is less than 0.337nm. and is 90nm or more by performing mechanical energy processing 1.5 or 
more times of the R value of the graphite powder before the R value which is the peak intensity 
ratio of 1360cm-1 to the peak intensity of 1580cm-1 in an Ar-ion-laser Raman spectrum 
processing. Although more than twice and especially an upper limit are not limited preferably, usually 
Ten or less times. Seven or less times can be adopted preferably and the carbon material for 
electrodes whose microcrystal size (Lc) the spacing (d002) of the field by the wide angle X-ray 
diffraction method (002) is less than 0.337nm, and is 90nm or more and whose tap density is the 
processed graphite powder of three or more [ 0.75g //cm ] can be offered. 

[0041] The double layer structure carbon material for electrodes of double layer structure carbon 
material this invention for electrodes can be prepared by carrying out baking carbonization of this 
organic compound, after mixing the organic compound carbonized by the baking process and the 
carbon material for electrodes of this invention which has said property. If the organic compound 
mixed with the carbon material for electrodes is carbonized by calcinating, especially the class will 
not be restricted. Therefore, even if it is the organic compound which advances carbonization by the 
liquid phase, you may be the organic compound which advances carbonization by solid phase. 
Moreover, the organic compound mixed with the carbon material for electrodes may be a single 
organic compound, or may be the mixture of two or more sorts of organic compounds, 
[0042] Heat treatment pitches, such as an ethylene tar pitch obtained by heat-treating petroleum 
system heavy oil. such as naphtha tar division-into-equal-parts solution system heavy oil which 
carries out a byproduction as an organic compound which advances carbonization by the liquid 
phase at the time of pyrolyses. such as direct-current system heavy oil, such as coal system heavy 
oil. such as a coal-tar pitch from a soft pitch to a hard pitch and coal liquid, and an asphaltene, a 
crude oil. and naphtha, and decomposition system heavy oil. FCC decantation oil, and the Ashland 
pitch, etc. can be used. Furthermore, matter, such as sulfur ring compounds, such as nitrogen ring 
compounds, such as aromatic hydrocarbon, such as permutation phenol resin, such as vinyl system 
giant-molecules [. such as a polyvinyl chloride polyvinyl acetate, a polyvinyl butyral, and polyvinyl 
alcohol, ], 3-methyl phenol formaldehyde-resins. 3, and 5-dimethylphenol formaldehyde resins, an 
acenaphthylene, deca cyclene, and an anthracene, phenazine, and an acridine. and a thiophene, can 
be raised. 

[0043] Moreover, as an organic compound which advances carbonization by solid phase, 
thermosetting resin, such as aromatic series system polymers, such as chain-like vinyl resin, such 
as naturally-ocurring polymers, such as a cellulose, a polyvinylidene chloride, and a polyacrylonitrile, 
and polyphenylene, furfuryl alcohol resin, phenol-formaldehyde resin, and imide resin, a 
thermosetting resin raw material like furfuryl alcohol, etc. can be mentioned. Moreover, they can be 
suitably used by choosing a solvent and carrying out dissolution dilution if needed, making these 
organic compounds adhere to the front face of a powder particle. As an approach of manufacturing 
the double layer structure carbon material for electrodes of this invention from these organic 
compounds and the carbon material for electrodes, the typical manufacture approach which consists 
of the following processes can be illustrated. 

[0044] (The 1st process) The process which mixes an organic compound with the carbon material 
for electrodes using a mixer, a kneading machine, etc. of various marketing if needed with a solvent, 
and obtains mixture. 

(The 2nd process) (process carried out if needed) 

The process which obtains remaining as it is or the intermediate product which heated agitating as 
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occasion demands and removed the solvent for said mixture. 

(The 3rd process) The process which heats said mixture or intermediate product at 500-3000 
degrees C under inert gas ambient atmospheres, such as nitrogen gas. carbon dioxide gas, and argon 
gas, or a non-oxidizing atmosphere, and obtains the carbonization matter. 
(The 4th process) (process carried out if needed) 

The process which carries out [ processing / grinding, a crack, / classification ] fine-particles 

processing of said carbonization matter. 

[0045] On the occasion of mixing of the first process, a solvent may be used and it is not necessary 
to use it. Although especially the class and amount are not restricted when using a solvent, a 
solvent which dissolves the above-mentioned organic compound which carries out use, or falls 
viscosity is desirable. Although especially the temperature at the time of mixing is not restricted, 
either, a room temperature to 100 degrees C or less 200 degrees C or less 300 degrees 0 or less 
are more preferably used by the room temperature from a room temperature, for example. An 
organic compound can be made to adhere to the front face of the powder particle of the carbon 
material for electrodes by mixing the carbon material for electrodes with an organic compound in the 
first process. 400 degrees G or more whenever [ stoving temperature / of the 2nd process ] is 300 
degrees C or more usually 500 degrees 0 or more still more preferably preferably, and although 
especially an upper limit is not limited, it is 1 500 degrees 0 or less especially preferably 2500 
degrees C or less still more preferably 2800 degrees 0 or less preferably 3000 degrees 0 or less. 
Although the 2nd process can also be omitted, the 3rd process is performed, after usually 
performing the 2nd process and obtaining an intermediate product. 

[0046] In heat-treatment of the 3rd process, heat history temperature conditions are important. 
Although the minimum temperature changes a little with the classes and the heat histories of an 
organic compound. 500 degrees 0 or more of 700 degrees 0 or more of usual are 900 degrees 0 or 
more still more preferably preferably. 3000 degrees 0 or less of 2800 degrees C or less of 2500 
degrees 0 or less of upper limit temperature are usually 1 500 degrees 0 or less especially 
preferably still more preferably preferably. A programming rate, a. cooling rate, heat treatment time 
amount, etc. can be set as arbitration according to the purpose. Moreover, after heat-treating in a 
low-temperature field comparatively, a temperature up can also be carried out to predetermined 
temperature. Omitting is also possible although the 4th process is a process which performs 
grinding, crack, division processing, etc. and carries out fine-particles processing if needed. 
Moreover, the 4th process can also be performed before the 3rd process and can also be performed 
in great numbers before and after the 3rd process. A batch process or continuous system is 
sufficient as the reaction machine used for these processes. Moreover, one set or two or more sets 
are sufficient. 

[0047] The carbonaceous object of the organic compound origin in the double layer structure carbon 
material for electrodes of this invention is comparatively (henceforth "coverage") usually desirable 
0.1 to 50% of the weight, and 0.5 to 25% of the weight, more preferably, it adjusts one to 15% of the 
weight so that it may become 2 - 1 0 % of the weight still more preferably. Moreover, volume criteria 
mean particle diameter is desirable 2~70 micrometers, and 4-40 micrometers of 5-35 micrometers 
of double layer structure carbon materials for electrodes of this invention are 7-30 micrometers still 
more preferably more preferably, the specific surface area measured using the BET adsorption 
method — for example, 0.1-10m2/g — desirable — 1-10m2/g — further — desirable — 1-7m2/g 
— it is 1-4m2/g especially preferably. Furthermore, as for the double layer structure carbon 
material for electrodes of this invention, in the diffraction diagram of the X-ray wide angle diffraction 
which made CuK alpha rays the line source, it is desirable not to exceed the degree of crystallinity 
of the carbonaceous used as a nucleus or a graphite particle. 

[0048] the R value expressed with the ratio "IB/IA" of the peak PB (peak intensity IB) to which the 
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double layer structure carbon material for electrodes of this invention appears in the range of 
1 350-1 370cm-1 to the peak PA (peak intensity lA) which appears in the range of 1 580-1 620cm-1 in 
the Raman spectrum analysis which used the Ar-ion-laser light of wavelength 5145cm-1 — 
desirable — 0.1 to 0.7 — further — desirable — 0.20 to 0.7 — it is 0.25-0.6 especially preferably, 
moreover, tap density — 0.70 - 1 .40 g/cmS — it is preferably desirable 3 and to control in the range 
of 0,85 - 1.40 g/cm3 still more preferably cm 0.75-1. 40g /. By double layer structure-ization, since 
the tap density of the carbon material for electrodes improves further, the effectiveness that the 
configuration introduces a radius of circle further may show up. The particle front face of the carbon 
material of this invention for electrodes is ruined, and when it uses for the double layer structure 
carbon material for electrodes of this invention, the effectiveness that a binding property with the 
covered carbonaceous object increases can also be expected. 

[0049] An electrode can be manufactured using the carbon material for electrodes of electrode this 
invention, or the double layer structure carbon material for electrodes. Especially the double layer 
structure carbon material for electrodes of this invention can be used for manufacture of an 
electrode very preferably. Especially the manufacture approach is not restricted but can be 
manufactured according to the approach generally used. The approach of adding a binder, a solvent, 
etc. to the carbon material for electrodes or the double layer structure carbon material for 
electrodes, making it the shape of a slurry as a typical approach, applying the obtained slurry to the 
substrate of metal charge collectors, such as copper foil, and drying can be mentioned. Moreover, 
the pack density of a plate can be raised and the amount of electrodes per unit volume can be made 
to increase by carrying out the consolidation of what carried out spreading desiccation of the 
carbon material for electrodes, or the double layer structure carbon material for electrodes with a 
roll press, a compression molding vessel, etc. Furthermore, the carbon material for electrodes or the 
double layer structure carbon material for electrodes can also be fabricated by approaches, such as 
compression molding, in the configuration of an electrode. 

[0050] As a binder which can be used for electrode manufacture As opposed to a solvent Stable 
polyethylene and polypropylene, polyethylene terephthalate. Resin system giant molecules, such as 
. aromatic polyamide and a cellulose, styrene-butadiene rubber. Rubber-like macromolecules, such as 
polyisoprene rubber, butadiene rubber, and ethylene-propylene rubber. A styrene butadiene styrene 
block copolymer, its hydrogenation object. Styrene ethylene Butadiene Styrene, a styrene isoprene 
styrene block copolymer, thermoplastic-elastomer-like giant molecules, such as the hydrogenation 
object, and syndiotactic one — 1 and 2-polybutadiene — Elasticity resin-like macromolecules. such 
as an ethylene-vinylacetate copolymer, and a propylene, an alpha olefin (carbon numbers 2-12) 
copolymer, Polyvinylidene fluoride, a vinylidene fluoride hexachloropropylene copolymer. Fluorine 
system giant molecules, such as polytetrafluoroethylene and a polytetrafluoroethylene ethylene 
copolymer, are mentioned, and the giant-molecule constituent which has the ion conductivity of a 
lithium ion further is also mentioned. 

[0051] As a giant molecule which has ion conductivity, polyether system high molecular compounds, 
such as polyethylene oxide and polypropylene oxide. The bridge formation withers height molecule of 
a polyether compound, polyepichlorohydrin, poly FOSUFAZEN, A polysiloxane, a polyvinyl 
pyrrolidone, poly vinylidene carbonate. The system which compounded lithium salt or the alkali-metal 
salt which makes a lithium a subject with high molecular compounds, such as a polyacrylonitrile. Or 
the system which blended with this the organic compound which has high dielectric constants, such 
as propylene carbonate, ethylene carbonate, and gamma-butyrolactone, and the organic compound 
of hypoviscosity, such as straight chain-like carbonate, can be used. 10 to 5 or more second/cm of 
ion conductivity in such a room temperature of an ion conductivity macromolecule constituent is 10 
to 3 or more second/cm more preferably. 

[0052] Various kinds of gestalten can be taken as a mixed mode of the carbon material for 
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electrodes or the double layer structure carbon material for electrodes, and a binder. For example, 
the gestalt which both particle mixed, the gestalt mixed in the form where a fibrous binder becomes 
entangled with the particle of a carbonaceous object or the gestalt with which the layer of a binder 
adhered to the particle front face of a carbonaceous object can be mentioned. As for both mixed 
rate, it is desirable to carry out binding material to 0.1 - 30% of the weight to the carbon material for 
electrodes or the double layer structure carbon material for electrodes, and it is more desirable to 
carry out to 0,5 - 10% of the weight. If 30% of the weight or more of binding material is added, the 
internal resistance of an electrode will become large, and at 0.1 or less % of the weight, it is in the 
inclination which is inferior in the binding property of a charge collector, the carbon material for 
electrodes, or the double layer structure carbon material for electrodes conversely. 
[0053] The electrode which consists of a carbon material for electrodes of this invention, or a 
double layer structure carbon material for electrodes By performing a roll press, compression 
molding, etc. the consistency (it is called an electrode consistency below) of the active material 
layer on the electrode by which consolidation was carried out — 0.5 - 1 .7 g/cm3 — preferably 0.7 - 
1.6 g/cm3 and by considering as 0.7 - 1.55 g/cm3 still more preferably The capacity per unit volume 
of a cell can be pulled out ** size, without spoiling efficient discharge and a low-temperature 
property. At this time, the carbon material for electrodes of this invention, or the double layer 
structure carbon material carbon material for electrodes The edge section is exposed from the front 
face of the condition, i.e., a particle, whose front face of a particle was high because the crystallinity 
inside a particle is high, and was ruined. [ of charge-and^discharge capacity ] Because or it is the 
particle shape (particle shape whose rate of the edge section was pulverized in the field and the 
direction of a right angle of a tabular particle, and the thickness direction in a particle became 
relatively thick, namely, increased) whose abundance of the edge section increases The dope or the 
area dedoped of a lithium ion to the double layer structure carbon material carbon material particle 
for the carbon material for electrodes or electrodes increases. Moreover, it is possible that it is 
performed more smoothly [ diffusion of a lithium ion ] few therefore that the opening in an electrode 
is shut because tap density is high, i.e.. a carbon material is close to a globular form. 
[0054] The carbon material for electrodes of rechargeable battery this invention and the double 
layer structure carbon material for electrodes are useful as electrodes of a cell. It is very useful as a 
negative-electrode ingredient of nonaqueous rechargeable batteries, such as a lithium secondary 
battery, especially. For example, the nonaqueous rechargeable battery which constituted the metal 
chalcogenide type positive electrode and carbonate system solvent the negative electrode produced 
according to the above-mentioned approach, and for the lithium ion batteries usually used combining 
the organic electrolytic solution made into a subject Capacity is large, the irreversible capacity 
accepted in an initial cycle is small, rapid charge-and-discharge capacity is high, and a cycle 
property is excellent, the shelf life and dependability of a cell in the neglect under an elevated 
temperature are high, and it excels in an efficient discharge property and the discharge property in 
low temperature extremely. Especially about selection of a required member, it is not restricted on 
cell configurations, such as a positive electrode which constitutes such a nonaqueous rechargeable 
battery, and the electrolytic solution. Although the ingredient of the member which constitutes a 
nonaqueous rechargeable battery below etc. is illustrated, the ingredient which can be used is not 
limited to these examples. 

[0055] The ingredient which can emit [ occlusion and ] lithiums, such as carbonaceous ingredients, 
such as transition-metals oxide ingredient; graphites [, such as a lithium transition-metals multiple 
oxide ingredient; manganese dioxide, ] etc. fluoride, such as for example, lithium cobalt oxide, a 
lithium nickel oxide, and a lithium manganic acid ghost, can be used for the positive electrode which 
constitutes the nonaqueous rechargeable battery of this invention. Specifically. UFe02, LiCo02. 
LiNi02, LiMn(s) 204 and these non-stoichiometric compounds, Mn02, TiS2 and FeS2, Nb3 S4, Mo3 
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S4, CoS2. V205. P205, Cr03. V303. Te02. and Ge02 grade can be used. Especially the 
manufacture approach of a positive electrode is not restricted, but can be manufactured by the 
manufacture approach of the above-mentioned electrode, and the same approach. 
[0056] It is desirable to use the valve metal which forms a passive state coat in a front face by 
anodic oxidation in the electrolytic solution, or its alloy for the positive-electrode charge collector 
used by this invention. As a valve metal, the metals belonging to Ilia. IVa. and Va group (SB. 4B, 5B 
group) and these alloys can be illustrated. The alloy containing aluminum. Ti. Zr. Hf, Nb, Ta, and 
these metals etc. can specifically be illustrated, and the alloy containing aluminum, Ti, Ta, and these 
metals can be used preferably. Since especially aluminum and its alloy are lightweight, its energy 
density is high and is desirable. 

[0057] As the electrolytic solution used for the nonaqueous rechargeable battery of this invention, 
what dissolved the solute (electrolyte) in the nonaqueous solvent can be used. As a solute, an 
alkali-metal salt, quarternary ammonium salt, etc. can be used. It is desirable to use one or more 
compounds specifically chosen from LiCI04, UPF6, LiBF4, LiCFSSOS, and the group that consists of 
UN (CF3S02)2, UN (CF3CF2S02)2, UN (CF3S02) (C4F9S02). and UC (CF3S02)3. 
[0058] as a nonaqueous solvent — the shape of a chain, such as cyclic-ester compound;1, such as 
annular carbonate, such as ethylene carbonate, propylene carbonate, butylene carbonate, and 
vinylene carbonate, and gamma-butyrolactone. and 2-dimethoxyethane. — chain-like carbonate, 
such as cyclic ether; diethyl carbonate, such as ether; crown ether. 2-methyl tetrahydrofuran, 1, 
2-dimethyl tetrahydrofuran, 1 , 3-dioxolane, and a tetrahydrofuran. ethyl methyl carbonate, and 
dimethyl carbonate, etc. can be used. A solute and a solvent may choose and use one kind, 
respectively, and may mix and use two or more sorts. That in which a nonaqueous solvent contains 
annular carbonate and chain-like carbonate is desirable also in these. 

[0059] Especially the quality of the material or the configuration of a separator that are used for the 
nonaqueous rechargeable battery of this invention are not restricted. It dissociates so that a 
positive electrode and a negative electrode may not contact physically, and ionic permeability of a 
separator is high, and it is desirable that electric resistance is low. A separator is stable to the 
electrolytic solution and it is desirable to choose from the ingredients excellent in solution retention. 
Specifically, the above-mentioned electrolytic solution can be infiltrated using the porous sheet or 
nonwoven fabric which uses polyolefines, such as polyethylene and polypropylene, as a raw material. 

[0060] Especially the method of manufacturing the nonaqueous electolyte rechargeable battery of 
this invention which has a nonaqueous electolyte. a negative electrode, and a positive electrode at 
least can be suitably chosen from the approaches which are not limited but are usually adopted An 
outside can, a separator, a gasket, an obturation plate, a eel case. etc. can also be used for the 
nonaqueous electolyte rechargeable battery of this invention besides a nonaqueous electolyte. a 
negative electrode, and a positive electrode if needed. The process puts a negative electrode for 
example, on an outside can, it can form the electrolytic solution and a separator on it. it can put a 
positive electrode so that it may counter with a negative electrode further, and it can use it as a cell 
in total in a gasket and an obturation plate. Especially the configuration of a cell is not restricted but 
can make the cylinder type, pellet electrode, and separator of the inside-out configuration which 
combined the cylinder type, pellet electrode, and separator which made the sheet electrode and the 
separator the shape of a spiral the coin type which carried out the laminating. 
[0061] 

[Example] An example is given to below and this invention is explained to it still more concretely. 
The ingredient shown in the following examples, the amount used, a rate, actuation, etc. can be 
suitably changed, unless it deviates from the meaning of this invention. Therefore, the range of this 
invention is not restricted to the example shown below. 



9/14/2006 5:25 PI^ 



.2000-340232,A [DETAILED DESCRIPTION] http://vvww4JpdLncipi.go.jp/cgi-bin/tran_web_cgi__ejj 
« « 

[0062] (Example 1)18 kinds of carbon materials for electrodes were prepared by processing the 
graphite raw material of the specified quantity indicated in Table 1 on the processing conditions 
indicated in Table 1. The class of graphite raw material used as a raw material is as being indicated 
in Table 3. The result measured with the measuring method which mentions the physical properties 
of 18 kinds of prepared carbon materials for electrodes later is shown in Table 1. 
[0063] 
:Table 1] 
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3 


16.4 


0.336 


7.1 


0.63 


>100 


2.26 


0.28 


21.3 








E 


500g 


b 


70 


4 


15.9 


0.336 


7.4 


0.68 


>100 


2.27 


0.28 


21.4 


0.948 




9 i^^m) 


F 


SOg 


a 


70 


3 


17.5 


0.336 


7,6 


0.82 


>100 


2.26 


0.26 


23.0 


0.945 


1.9 




F 


90g 


a 


95 


3 


10.0 


0.336 


12.1 


0.81 


>100 


2.26 


0.33 


23.4 


0.960 


1.5 




F 


600g 


b 


70 


3 


19.2 


0.336 


6.5 


0.83 


>too 


2.26 


0.25 


22.6 


0.945 




12(4:^^) 


F 


600g 


b 


95 


3 


10.1 


0.336 


10.8 


0.80 


>100 


2.26 


0.26 


21.6 


0.960 






F 


SOg 


a 


85 


1 


18,1 


0.336 


6.8 


0.76 


>100 


2.26 


0.22 


22.3 




2.4 




G 


SOg 


a 


65 


3 


18.0 


0.336 


8.7 


0.83 


>100 


2.26 


0.23 


25.1 




2.2 




H 


909 


a 


65 


6 


17.4 


0.336 


8.4 


0.95 


>100 


2.25 


0.25 


26.0 




2.1 


16 


A 


eOkg/hr 


c 


120 




15.3 


0.336 


9.3 


0.47 


>100 


2.26 


0.15 


21.5 


0.938 




17 


A 


150K9/hr 


c 


104 




20.5 


0.336 


7.4 


0.56 


>100 


2.26 


0.15 


21.5 




3.5 


18 


c 










18.6 


0.338 


6.7 


0.71 


>100 


2.27 


0.24 


21.0 







SIfio :(«:) ^-;Kx3IM±«<DT-4 0 0g24'-/-K5/U (4 Jffl) 



[0064] (Example 2) It kneaded by supplying 3kg of carbon materials, and petroleum system tar 1kg 
indicated in Table 2 to M20 mold rhe DIGE mixer (201. of content volume) by Pine Baud company. 
Then, after carrying out the temperature up and carrying out detarring processing to 700 degrees C 
under nitrogen-gas-atmosphere mind, it heat-treated by carrying out a temperature up to 1300 
degrees C. The obtained heat treatment object was cracked in the pin mill, classification processing 
was performed in order to remove coarse grain, and finally 13 kinds of double layer structure carbon 
materials for electrodes were prepared. The result measured with the measuring method which 
mentions the physical properties of 13 kinds of prepared double layer structure carbon materials for 
electrodes later is shown in Table 2. 
[0065] 
[Table 2] 
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(cm 
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(/xm ) 
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ft Ql 
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0.^ 


3.6 


19.2 


A I 

4.4 


o / ^ Abb ^ 


QMS mt^aci c 




OT O 

.o 


0.93 


3.3 


20.5 


4.9 




T iTm "in i 1 1 1 7 


ft A'i 


OII.4 


0.97 


3.0 


22.4 


B A 

Q.U 






ft ill 




0.88 


3.3 


18.7 


c c 
d.o 






ft 9fl 


Ift ti 


0.93 


3.0 


22.2 


C ft 








1ft A 


0.96 


4.3 


14.7 


A O 
4.Sf 


7 ^^£^BB^ 




ft Q7 


90 O 


0.95 


2.6 


22.7 


A Q 

4.y 


o /^ABB^ 






19 A 


0.95 


3.7 


U.3 


c; ft 


Q f^Sft&B^ 




ft 97 


£9 id 


0.87 


3.0 


24.1 


c n 
9.0 


10 


%S^|j(%l^l4 14 

^&1JB f > J 0"t T** • ~ 


0.28 


30.0 


0.95 


2.5 


21.9 


4.9 


11 l^^^) 




0.37 


30.0 


0.95 


3.3 


19.0 


4.9 


12 


««i^i^?^^f4i6 


0.24 


25.0 


0.80 


3.6 


19.8 


4.9 


13 




0.30 


28.4 


0.81 


3.0 


28.8 


4.5 



[0066] The detail of the graphite ingredient used in the examples 1 and 2 is shown in the following 

table 3. 
[0067] 
Table 3] 



mm 


m A 


d002 
(nni) 


L c 
(nin) 




^^>1580 

(cm-') 


met 

(g/cffl' ) 


(9/cn' ) 


(Mm) 


A 




0.336 


>100 


0.15 


21.6 


0.56 


2.26 


27.1 


a 




0.338 


>100 


0.19 


21.2 


0.70 


2.27 


26.8 


c 




0.336 


>100 


0.24 


21.0 


0.71 


2.27 


18.8 


0 




0.336 


>100 


0.13 


21.0 


0.46 


2.27 


28.7 


E 


^^^^ 


0.336 


>100 


0.1S 


19.6 


0.75 


2.27 


81.1 


F 




0.336 


>100 


0.13 


19.1 


0.44 


2.26 


36.7 


G 




0.336 


>100 


0.09 


22.9 


0.52 


2.26 


26.3 


H 




0.336 


>100 


0.05 


21.0 


0.47 


2.25 


100.0 



[0068] The physical-properties measuring method of the carbon material prepared in the examples 1 
and 2 is shown below. 

(1) About 15% of X-ray standard high-purity-silicon powder was added to the carbon material for X 
diffraction electrodes, it mixed, and the obtained mixture was put in the sample cell, and by making 
into a line source the CuK alpha rays monochrome-ized by the graphite monochromator, by the 
reflective type diffractometer method, the wide angle X diffraction curve was measured and it asked 
for a spacing (d002) and microcrystal size (Lc) using Gakushin method. 

(2) Raman analysis Jasco Corp. make — Raman spectrum analysis was performed using NR-1800. 
Using Ar-ion-laser light with a wavelength of 514.5nm. analysis set laser power as 30mW, and was 
performed by setting the exposure time as 75 seconds. Laser power was ISmW in 30mW and the 
test portion section in the light source section by the laser light attenuation by the optical path 
between the light source sample sections. Sample restoration to a measurement eel was performed 
by carrying out natural fall of the carbon material for electrodes, and measurement was performed, 
rotating a eel in a field perpendicular to laser light irradiating laser light on the sample front face in a 
cel. The reinforcement lA of the peak PA of 1580cm-1 near [ the obtained Raman spectrum ] and 
the reinforcement IB of the peak PB of the 1360cm-1 neighborhood were measured, and the full 
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width at half maximum of the intensity ratio (R=IB/IA) and a near [ 1580cm-l ] was measured. 
Moreover, area (integral value of 1 260-1 460cm-1) of the peak PB of YA and a near [ 1360cm-1 ] 
was set to YB for the area (integral value of 1480-1 680cm- 1) of the peak PA of a near [ 1580cm-1 

], and value G=YA/YB of the surface ratio was measured. 

[0069] (3) The screen of 300 micrometers of openings was used as a screen which the carbon 
material for electrodes penetrates using the tap density fine-particles density measurement 
machine (Seishin Enterprise tap DIN sir KYT- 3000), and after dropping fine particles in the tap eel 
of 3 and filling it up with a eel to the limit 20cm. the line measured the tap density at that time for 
the tap of 10mm of stroke length 1000 times. 

(4) 0.1% surfactant water solution of true density was used, and it measured with the liquid phase 

substitution method by the pycnometer. 

(5) BET specific surface area Ohkurariken CO., LTD. make — after heating at 350 degrees C for 
predrying and passing nitrogen gas for 15 minutes using AMS-8000. it measured by law one BET by 
nitrogen gas adsorption. 

(6) The 2 volume % water solution (about 1ml) of the polyoxyethylene (20) sorbitan monolaurate 
which is a mean-diameter surface active agent was mixed to the carbon material for electrodes, and 
the mean diameter (median size) of volume criteria was measured by making ion exchange water into 
a dispersion medium with the laser diffraction type particle-size-distribution plan (LA[ by Horiba. 
Ltd. ]- 700). 

[0070] (7) The average circularity flow type particle image analysis apparatus (FPIA[ by TOA 
Medical Electronics Co., Ltd. ]- 2000) was used, and measurement of the particle size distribution by 
the projected area diameter and calculation of circularity were performed. Ion exchange water was 
used as a dispersion medium, and polyoxyethylene (20) sorbitan monolaurate was used as a surface 
active agent. It is the diameter with the projected area as the picturized particle image with the 
same projected area diameter of a circle (considerable circle), and circularity is the ratio which used 
the boundary length of a considerable circle as the molecule, and made the denominator the 
boundary length of the picturized particle projection image. The circularity of all the measured 
particles was averaged and it considered as average circularity. 

[0071] (8) It asked for the coverage of the coverage double layer structure carbon material of a 
double layer structure carbon material from the degree type. 

[Equation 3] Coverage (% of the weight) = in a 100-(KxD)/(Nx (K+T)) xlOO top type, in the weight 
(kg) of a carbon material, and T. the weight (kg) of petroleum system tar and D express the weight 
(kg) before detarring processing (the 2nd process) of a kneading object, and. as for K, N expresses 
the amount of recovery (kg) of the heat treatment object after heat treatment (the 3rd process). 
[0072] (Example 3) Half-**** was created using the prepared carbon material, and charge/discharge 
capability was examined. 

(1) What added the dimethylacetamide solution of polyvinylidene fluoride (PVdF) to 5g of creation 
carbon materials of a half cell 10% of the weight by solid content conversion was agitated, and the 
slurry was obtained. This slurry was applied on copper foil with the doctor blade method, and 
predrying was performed at 80 degrees C. After carrying out a consolidation with a roll press 
machine so that an electrode consistency may furthermore serve as 1.4 g/cm3 or 1.5 g/cm3, it 
pierced to discoid with a diameter of 12.5mm, reduced pressure drying was carried out at 1 10 
degrees C, and it considered as the electrode. After an appropriate time, after an appropriate time, 
the coin eel which the electrode and the lithium metal electrode were made to counter focusing on 
the separator into which the electrolytic solution was infiltrated was created, and the charge and 
discharge test was performed. What dissolved lithium perchlorate in the solvent which mixed 
ethylene carbonate and diethyl carbonate by the ratio of the weight ratio 2:8 at a rate of 1.5 mols/l. 
as the electrolytic solution was used. 
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[0073] (2) It charged to OV by measurement current density 0.16 mA/cm2 of irreversible capacity 
(lithium ion dope to an electrode), and the value which subtracted the first discharge capacity from 
the first charge capacity at the time of subsequently making it discharge to 1.5V by current density 
0.33 mA/cm2 (lithium ion dedope from an electrode) was made into irreversible capacity. 
(3) The charge to OV in measurement current density 0,16 mA/cm2 of discharge capacity and a 
discharge rate property (rapid discharge property) and discharge to 1 .5V in current density 0.33 
mA/cm2 were repeated 3 times, and 3rd discharge capacity in that case was made into "discharge 
capacity." Next, it charged to OV by current density 0.16 mA/cm2, and it discharged, respectively, 
capacity obtained to 1 .5V by current density 2.8 mA/cm2 and 5.0 mA/cm2 was made into the 
discharge capacity in each current density 2.8 mA/cm2 and 5.0 mA/cm2. and it considered as the 
index of a rapid discharge property. These test results are collectively shown in following Table 4. 
[0074] 
[Table 4] 





(9/cm> ) 




0.33inA/an^ 


2.8inA/ciiH 


S.OmA/cra* 


*t «4 














(mAh/g) 


(mAh/g) 


(«Ah/g) 




1.4 


33 


348 


340 


287 




1.4 


32 


347 


337 


292 




1.4 


30 


350 


345 


321 




1.4 


30 


356 


354 


268 




1.5 


26 


351 


345 


283 




1.5 


2S 


345 


349 


313 




1.5 


18 


346 


341 


315 




1.5 


24 


341 


340 


321 




1.5 


19 


342 


342 


323 




1.5 


26 


342 


342 


332 




I.S 


17 


348 


343 


319 




1.5 


23 


349 


348 


327 




1.5 


17 


344 


343 


307 




1,5 


25 


345 


344 


313 




1.5 


22 


349 


347 


337 




1.5 


26 


332 


325 


253 




1.5 


28 


343 


333 


259 



[0075] Use carbon material No. 11 and the Seishin Enterprise pneumatic elutriation machine 
"MC-100" is used. (Example 4) the object for electrodes prepared in the example 1 — 25 % of the 
weight of fines and 22 % of the weight of coarse powder are classified on the conditions removed, 
respectively. Mean particle diameter after classification = 20.8 micrometers d 002= 0.336nm, BET 
specific surface area=5,3m2/g, Tap density =0.82 g/cm3, LcMOOnm. true-density =2.26 g/cm3. the 
Raman R value = 0.25 and the carbon material for electrodes which has the physical properties of 
Raman 1580 half-value-width =22.0cm-1 were obtained. Subsequently, except having used this 
carbon material for electrodes, it experimented like the example 2 and the double layer structure 
carbon material for electrodes which has the following physical properties was obtained. Raman R 
value =0.37, Raman 1580 half-value-width =29.5cm-1, tap density =0.99 g/cm3, BET specific surface 
area=2.3m2/g, mean-particle-diameter =24.6micrometer. coverage = 4.9 % of the weight. Except 
having used the double layer structure carbon material obtained above, the half cell was created like 
the example 3 and charge/discharge capability was examined. Consequently, electrode consistency 
=1.5 g/cm3. first time irreversible capacity =17 mAh/g, 0.33 A/cm3 discharge capacity =352 mAh/g, 
2.8 mA/cm3 rapid discharge capacity =351 mAh/g, 5.0 mA/cm3 rapid discharge capacity =334 
mAh/g, and a good property were shown. 
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[0076] 

[Effect of the Invention] It has the description that the cell using the carbon material for electrodes 
of this invention or the double layer structure carbon material for electrodes has a large capacity 
(0.33 mA/cm3 discharge capacity), the irreversible capacity accepted in an initial cycle is small, and 
the capacity maintenance factor of a cycle is excellent. Further especially quick charge/discharge 
capability and (5.0 mA/cmS rapid discharge capacity) are improved greatly. Moreover, it is high in 
the shelf life and dependability of a cell when leaving it under an elevated temperature, and the 
discharge property in low temperature is also excellent. Therefore, the carbon material for 
electrodes and double layer structure carbon material of this invention can be used effective in 
manufacture of cells including a lithium cell. 



[Translation done.] 
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[Procedure revision] 

[Filing Date] September 10. Heisei 15 (2003. 9.10) 

[Procedure amendment 1] 

[Document to be Amended] Specification 

[Item(s) to be Amended] Claim 

[Method of Amendment] Modification 

[The contents of amendment] 

[Claim(s)] 

[Claim 1] 

The carbon material for electrodes characterized by for the R value whose spacing (d002) of the 
field by the wide angle X-ray diffraction method (002) is the peak intensity ratio of 1360cm-1 to the 
peak intensity [ in / in less than 0.337nm and microcrystal size (Lc) / 90nm or more and an 
Ar-ion-laser Raman spectrum ] of 1 580cm- 1 being 0.20 or more, and tap density being three or 
more 0.75 g/cm. 
[Claim 2] 
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The carbon material for electrodes according to claim 1 characterized by true density being three or 
more 2.21 g/cm. 
[Claim 3] 

The carbon material for electrodes according to claim 1 or 2 characterized by a BET specific 
surface area being under 1 8m2/g. 
[Claim 4] 

The carbon material for electrodes according to claim 1 to 3 characterized by mean particle 
diameter being 2-50 micrometers. 
[Claim 5] 

The carbon material for electrodes according to claim 1 to 4 characterized by the full width at half 
maximum of 1580cm-1 in an Ar-ionHaser Raman spectrum being one or more [ 20cm - ]. 
[Claim 6] 

The manufacture approach of the carbon material for electrodes according to claim 1 to 5 
characterized by performing mechanical energy processing to which particle size is reduced so that 
the mean-particle-diameter ratio before and behind processing may become one or less, and 
processing raises tap density, and the R value which is the peak intensity ratio of 1360cm-1 to the 
peak intensity of 1580cm-l in an ArHon-laser Raman spectrum becomes 1.5 or more times by 
processing. 
[Claim 7] 

The manufacture approach of the carbon material for electrodes according to claim 6 characterized 
by carrying out by carrying out high-speed rotation of the rotor using the equipment which has the 
rotor which installed many blades in the interior of casing for mechanical-energy processing. 
[Claim 8] 

The double layer structure carbon material for electrodes manufactured by carbonizing this organic 
compound after mixing a carbon material according to claim 1 to 5 with an organic compound 
[Claim 9] 

The double layer structure carbon material for electrodes according to claim 8 characterized by for 
the R value expressed with the ratio of a peak which appears in the Raman spectrum analysis using 
the Ar-ion-laser light of wavelength 5145cm-1 in the range of 1350-1 370cm-1 to the peak which 
appears in the range of 1 580-1 620cm-1 being 0.20 or more, and tap density being three or more 
0.70 g/cm. 
[Claim 10] 

The double layer structure carbon material for electrodes according to claim 8 or 9 characterized by 
for a BET specific surface area being below 10m2/g, and volume criteria mean particle diameter 
being 2-70 micrometers. 
[Claim 11] 

The electrode for nonaqueous rechargeable batteries using the carbon material for electrodes 
according to claim 1 to 5, and/or the double layer structure carbon material for electrodes 
according to claim 8 to 10, 
[Claim 1 2] 

The nonaqueous rechargeable battery characterized by said some of carbonaceous ingredients [ at 
least ] being a carbon material for electrodes according to claim 1 to 5. or a double layer structure 
carbon material for electrodes according to claim 8 to 10 in the nonaqueous electolyte rechargeable 
battery which has the nonaqueous electolyte which consists a lithium of the negative electrode 
containing occlusion and the carbonaceous ingredient which can be emitted, a positive electrode, 
and a solute and a nonaqueous solvent. 
[Claim 13] 

The nonaqueous rechargeable battery according to claim 1 2 with which said solute is characterized 



4 



9/14/2006 5:26 PWi 



http://www4.ipdl.ncipi.go jp/cgi-bin/ti^_web_cgi_ejje?u=http%3A.^ 

» 

by being one or more conripounds chosen from LiCI04, LiPF6, LiBF4, LiCF3S03, and the group which 
it becomes from UN (CF3S02)2, LIN (CF3CF2S02)2. UN (CF3S02) (C4F9S02). and UC (CF3S02)3. 

[Claim 14] 

The nonaqueous rechargeable battery according to claim 12 or 13 characterized by a nonaqueous 

solvent containing annular carbonate and chain-like carbonate. 

[Procedure amendment 2] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 001 1 

[Method of Amendment] Modification 

[The contents of amendment] 

[0011] 

The carbon material for electrodes of this invention is completed based on such knowledge. The 
spacing (d002) of the field by the wide angle X-ray diffraction method (002) in the first place Less 
than 0.337nm, The R value whose microcrystal size (Lc) is the peak intensity ratio of 1360cm-1 to 
the peak intensity of 1580cm-1 in 90nm or more and an ArHonHaser Raman spectrum 0.20 or more 
It is what is characterized by tap density being three or more 0.75 g/cm. And this invention [ second 
] After mixing with an organic compound the carbon material which has the above-mentioned 
property as a carbon material for electrodes, It is what is characterized by using the double layer 
structure carbon material obtained by carbonizing this organic compound. In the nonaqueous 
electolyte rechargeable battery which has the nonaqueous electolyte which consists [ third ] a 
lithium of the negative electrode containing occlusion and the carbonaceous ingredient which can be 
emitted, a positive electrode, and a solute and an organic system solvent Said some of 
carbonaceous ingredients [ at least ] are the nonaqueous rechargeable batteries characterized by 
being the carbonaceous ingredient or double layer structure carbonaceous ingredient which has the 
above-mentioned property. Moreover, this invention also offers the manufacture approach of said 
carbon material for electrodes characterized by performing mechanical energy processing to which 
particle size is reduced so that the mean-particle-diameter ratio before and behind processing may 
become one or less, and processing raises tap density, and the R value which is the peak intensity 
ratio of 1360cm-1 to the peak intensity of 1580cm-1 in an Ar-ion-laser Raman spectrum becomes 
1.5 or more times by processing. 
[Procedure amendment 3] 
[Document to be Amended] Specification 
[Item(s) to be Amended] 0025 
[Method of Amendment] Modification 
[The contents of amendment] 
[0025] 

A natural graphite is classified into a scale-like graphite (Flake Graphite), flaky graphite (Crystalline 
(Vein) Graphite), and a soil graphite (Amorphousu Graphite) according to the description (refer to 
the term of the graphite of "particulate matter process technical collection" (Industrial Technical 
Pin center.large, Showa 49 issue), and "HANDBOOK OF CARBON, GRAPHITE. DIAMOND AND 
FULLERENES" (Noyes Publications issue)). Although flaky graphite of a degree of graphitization is 
the most expensive at 100% and a scale-like graphite is expensive at 99.9% subsequently to this, a 
soil graphite is as low as 28%. The scale-like graphite which is a natural graphite is produced to 
Madagascar, China, Brazil, the Ukraine, Canada, etc., and flaky graphite is mainly produced to Sri 
Lanka. The soil graphite makes the Korean Peninsula. China, Mexico, etc, the main places of 
production. Generally in these natural graphites, a soil graphite has low purity the top where particle 
size is small. On the other hand, since there are the advantages, like a degree of graphitization and 
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the amount of impurities are low. a scale-like graphite and flaky graphite can be preferably used in 

this invention. 

[Procedure amendment 4] 

[Document to be Amended] Specification 

[Item(s) to be Amended] 0034 

[Method of Amendment] Modification 

[The contents of amendment] 

[0034] 

It is desirable to perform heat treatment to which the true density of the carbonaceous powder used * 
as a raw material raises crystallinity further after performing mechanical energy processing, when 
crystallinity is not so high at less than three 2.25 g/cm. It is desirable to perform heat treatment 
above 2000 degrees C. it is more desirable to carry out above 2500 degrees C, and it is still more 
desirable to carry out above 2800 degrees C, While the graphite particle or the carbonaceous 
particle had maintained high crystallinity on the whole by performing such mechanical energy 
processing, it becomes coarse only near the front face of a particle, and it serves as a particle 
which distortion and an edge side exposed. By this, the field which a lithium ion can frequent will 
increase and it will have a high capacity also in high current density. 



[Translation done.] 
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a;ftX*^{Hfrrr£CcJ:^ (0 0 2) 
PeiPIS (d002)AS0. 337n m^m. ^^^^tf^ X 
(Lc) :«>^9 0nmJi^±. T^l-rf :t > tf-^-^ 
hMC:i6i^i, 1 5 80 cm-*cr)f-^^®«:>Ft 
I 3 6 0 c m-'(Db:-^^JgJ:b-C^^Rfii;^>^!0. 2 
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immmi ] jumxm.mmi^ccj:^ (002) mcom 

RflPS (d 0 0 2 ) *«0. 337 nm^m. k^^^V-^:^ 
(Lc) :<)i59 0 nml^±. T ^> tf ^-5^ 

h^l/^*jC:t'2> 1 5 80 cm-'CDfc:--d?^)^«:>Pt 
-r-S 1 3 6 0 c m-*<Db--i5'^SJ:L'CcbSRfflA«0. 2 

[tg^^3] BET tmmm^^ I 8m'/&*S§r^ 

^ c i ^ if^sa i r -2> issie^ 1 * /c « 2 get£o^@m^3g 

;l/CC*>C:r^ 1 5 8 0 c m' * CD ^C7)^{iifiii7;/> 2 0cm 

[gt5}^]i6 ] nmm 1 -5(oc^m7&>K:gaiig<Di^^w 
Cfi^^is] pier^M*^. L i c I o,. L i pp.. 30 

LiBF,. LiCF.SOa. LiN (CFjSO,),. 
L i N (CF3CF, SO,) LiN(CFaSO,) 
(C.F^SO.), LiC(CF.SO.) ,t^hts:i>mi)^ 

[000 1 ] 40 
1000 2] 
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(00031 i^^^M*4^^fflL.fc^^7k^^r^— ^>:^?t!i 

tct^fflu/c^?i!2*^ ^T±m$n/Co ^i^rfSa^ffcSco 

^. ^IS<D^m^at3:. 3 7 2mAh/gifiliiJi^:^ 

(D^nij^f^^ci?:>^-c#^. $^tc!|tpg^4 ~ I 7 1 6 
7 7^<i:^facc^^n^ct ^^cc. iigiitiii&^w-r^^^M 

[0004] mim. (nis^^^o'Mig^^t^ig^iKiRg 

ffifSnXff^^^f ^Xfi^^C:r-2>(^>7j?^— ^a^-r^^o CCD0E 
[0 005 ] i.iy^urji'fy^h. f^tS^ttr^iQ, iSlfi^cc 
St^-c^^cDCi. i^^^^^lHla*5— :^fsjtcffiji^:^r^ 

^^:^t:'^ ^ c <t r- 1; 9=- A ^ ^ > oHi A «P -r # ^ X 
7:>«+t5^cc«if^? titjix^^tcisb. o^oi^-i^ \yo:>^&i)m 



(3) 
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[000 6 ] Mtc. tSi:^CDm^m4T-^. ^@<h Lr^ 
[000 7 ]-:^. AW'^^CDHlADT'SlSi^Ji 

<b 16 J g« cc jr < ^ n r c ^ , 

[0 00 8] cn^cDP^jntc^g L. ^^7\<immmr:^:Km 
^. m^\i^. mm^s- i s 0 s 7 3-^^$gtc5i. .^m- 

[0009] 
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[0010] 

[001 11 :^^m<o^mm^mm{:x. c(oj:'?rj:ni 
|pii?r?£^<i: ^ (002) m<Dmmm ( d 0 0 2 > >&J0 . 

3 3 7 n m^m. fe^Tt^^X <Lc ) 0 n mJ^ 

1 5 8 0 c m-'iDf-tJ'^SffiCC^Pl-r^ 1 3 6 0 c m-*0 
f-^^SJ:t-C*-&Rfii;&S0. 2 0«±. *>-:>^ .>:7*« 
K:^^0. 7 5 gX-cm^iair^^Ci^^^it- 

A ^m.mi&J: O'jSJftBT C <b *5 pJ^^j:lgSf^MM?4^^ 

[0012] 
[0013] 

:$:^B^co^^ffl^^W4ii. lA^XIH[eI»?j^tc<J:^ (0 
0 2 ) ©O^PB^lSi ( d 0 0 2 ) fccfce>'f^^Ti?-^ X ( L 
c) . f)^r>TJV^>^ ^>i- — 1f'-^'^>:^^^ bJl'dC 
^Jt^r-S 1 5 8 0 cm-'<0^-^^m^cM-r^ 1 3 6 0 c 

mmm^mfm^^. irftxitiHiwf*^<i: ^ (002)® 

<DmjmiP^ (d002);><0. 337n niTfesS-C^ K> . 1^ 
a^T-t^-f X <Lc) iOJQO nmt>Ui-C^€»« ^/c. 



h>UtC*Jt:f-6 1 5 8 0 cra-*(Dt*-tJ?^Stc>PtT 
-5> I 3 6 0 cm-*Ofc:--d7?Sffil:tr'^5»Riii*^0. 2 0 

^^^L<tiO. 2 3feUt. !|$ici?^b<CiO- 2 

<35±RR«o. 9WT-eainj3:j:< . $T^o< «o. 71^ 
{00141 mnxmrnmrnf^j::^ ( 0 o 2 > ©offifai 

( d 0 0 2 ) :fo J:(»Sa^T-t^-f X ( L c ) ^S|v^ 
f4>'>*Jl'^<0<jSSte^^TfiS-C*) 0 . (00 2) 3aa>®^T 
PS (d 0 0 2) Offl*«/b$C^{a<i:\ */c. i^B^T-if-rx 
( L c ) tHi <?: ^£a^t4<D]^C ^i^^t^^T?* ^> C <b 

-^-^p^X-^^ F;UtC*jC^^ 1 5 8 0 cm-'Of-^^ 

mc)^-r^ 1 3 eo cm-'<o^'-i^^mt'c^i>Rmt 
mmn'f-cD^mj&m (tu^^®A>6 1 0.0 a&^-c) 0 

[0015] *r>:c*5i^:*:^0^cc*>cir, irftXi^isi^TfiS 
{cj: (0 0 2) mcommm (doo2)7:>^o. 337 

nm*«S. IS^T-t^-Y X ( L c > 0 n mi^^Ji-C^ 

Ct^ 1 5 8 0 c m 'CDt:*— ^^atCit-r-S 1 3 60 cm 
-'C[>t*-t5?5S.^J:b-C*^RM*^0. 20iU±X-^i>mm 

?g|g*S0. 7 5e/cmn:i±-C*5mSfflilg^«<St<b 

[0016] ^rq^lfflStcfca^r r ^ •T'ffigj i 
ooon^ ^:7'L/c^<ojSffia^.^iitur*>0. fclTO 

[0017] mmk^(D^mmmiit:. ^^o:^^^. ff^ 

^: 

[IS 2] p-p„ = A- exp (-k • n) 

*:q«*fflS-cc^ 0 r ^ v^mSLs 2 o c 

^-Jb--<D 10 0 -y ^'^m^(Oi}^^W^ ( P 

,000) «:<^^0:Oi$!eap<tm^j:l>/c4><D-Cife^o 
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(0018) ^m^^(ow^mr^m^¥^\x. C-h^O^^ 

5 0 Mai<3[>®HF*g*^$?i^-C*)0 . 4 --3 5 AzaiC09SSF*i 
'V^^(Of}m^U< . 5 — 2 7 Aima^^fflrt-CA^Ci 
* L< . 7 ~ 1 9 Mm(OKH-C^^<D:0^$6tc: 

10 

[0019] '4^mM<ommmm.mmMx. b e Ttb^® 

1 3m'X&l^T'r*^C<b:«>^^ff^OC^« ^/c. 

:4->U-tf-^-7>;^-<^ bMC^i-)^ 1 5 8 0 c 
m-*<3r>f-i7CD^fUlJi:6^2 0 c m-' ^:X±-C^ i> C 
*0<. ±Pm2 7 c m-*lUTr^-E>C<t*5$?$ L/< . 

2 1—2 6 cm-*^1^CC5atRUrfflt*6Ci*iT'#'5« 

/cmH:^±-C*^Ci7&ift?^L<. 2. 2 2g/cni^ 
20 IM±'C*-SCi3&sj:0|rf* L< . 15tC2. 24e/cm 

[0 0 2 0 1 -^mMo:>mmm^mtmu. m^i^c^^^ 

=ijK3uri>^«<i:Vhdc»fiiK:/iS> />^0- 9 4 0jy± 

0 cm-'cD^tiScOf-^ffiS (126 0-- 1460cm 
•'coa^f®) CCM-r^ 1 5 8 0 cm-'<7>f^i5<7>t:*-:?S 
fi(1480-1680c m-'CDS^g^ffl) (DSStt-C* 
^Cm^ *f^U<{i3. 0*«l. J:0«^^L<«2. 

5*r«-c*>>3. Tmumccmm^trjii^^'^i i . otti-c* 
[0 0 2 1 ] 2ti:^0«(D'^tsffi^i^^-mtc{i. nf^^cmm 

r>{,>xi^mr^. 

[0 02 2 1 t}^&^y:-^^)V^-9i!km^m^^M^^rj:^ 

50 !m<o^mtm^t^ ^fgi^tcuAmo^rnQnt^^"^. m. 
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fflffflPg ( d O 0 2 > . 3 4 0 n m 

;r$a^T-t/* ^ (Lc) ;^«3 0nmtl±. ^C^JKt^j^ 
2. 2 5 ff/c m'fe^±-C^'5,^><D7:)S$?^ OC>. ttiTt> 
dBRSRI (d0 0 2> *«0. 3 3 8 nm5*^?®-C*'2>*><7?*s 
J:0$?^U<. 0. 3 3 7 nni7|^?^-C*^^03?)5^^tC 
Jf^LC*. ^/c. .fSa^^^tf-YX (Lc) (;t9 OnmWi: 
^*'2>4><DA«i:OjHF* u< . I 0 o n mlU±r:^i>i>a:> 

m^^O<, 1 5 Mmi^±T'^^4>CD;&i<i:0$f^ b< . lO 
2 0 ^xmJi^Jb-C*^^<D/)5^etC^r?i U< . 2 5*imlM 

oC^rC*. I mmWT-C*^4><D:0W^O< . 5 00 a 
inWT-C*^^<7>;0^J:»:)ftfSJL/< . 2 50Mtnt^T-C^ 
^>4>(7)*5^6CC^If^L<. 20 0 MmWr-C^-S^O;?)^ 

[002 3] MiSM^^-^^^Mf^^C*. Me^t4*^i^c<^ 

-So 

[0024] :^^Wx^.;U=t^-&ffi^m^)W^t3^cC-& 

[0 0 25] ^mmm^ti. ^(onmc^-^x. m^^mm-, 

is (Flake Glaphite), .^^t^^iS (Crystal 1 ine (Vein) G 
laphite). ±tSMifi(AjTiorphousu CTaphi te)tC:^Sg5 fl 

^ ( mfi(L^y'ti^:^mmmB^] ( (^) ^iiieic^^-fe> 

i'-. BSfa4 9 5?^|f) COMiSO^. *SJ:0' rjWiDBOOK 
OF CARBON,CRAPKITE,DIAMCm AND FULLERENESJ (Noye 
s Public at! ons%?f) #flS[) . mQitmt. l^tSMIS*^ 40 

1 0 o%-c^*>ia< , cncc;^c^-cs$)tt^Mt&?^^59 9. 

9%-C^t*J&*. ±*l5IIISt*2 8%i®C,^„ ^MHiS-C* 

cc^-r^, ±tji^s«. 

^C<b/>^-C^€», 50 
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[0026 1 Ai&^IStJ. *l$fttt^fflmTtCl6a^-ce 
i*=i-^;^*/c«5i5^t-:' ^r^i-^^X^ 1 5 00—3 0 

[0 02 7 ] (iHib<ommm^(^cn'ri>:h^&^:t.Jt^jv^ 

[0 02 8] :*:|%B«CDii@ffli^^W4^1ii^T€>/c«6tC 

[0 0 2 9 ] tf^m:^^^}i^=¥'~mm(i:Si. f^^^^cD^O^Jl 
m^. mi. ^m^m. i^fD>ki*cr)a^l5:ti-ccrg 
[0 0 3 0 ] l^64^<hti. J^sc<:;^^fin^-c. -E-<7)A#5 

[0 0 3 1 ] ^ms. ^SKOii-jk^fl^^jrJ^CD^t*^^?! 
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[0032] ;^^d^)i^JU4=^'-A&Jl^:tf^KS«. ±15 

[0 0 3 3 3 co:>Jz^mf^n.^^^<o—mtox. 

©K-r^a- ^--OjaiiS^ 3 0 - 1 0 Om/ 
<i:0$f^U<. 5 0-- 1 0 Om/'#cc-r^cD;&i^^w:$f 
'r^pJ6gT?*^>;&5, 3 0#JilJi^gF*3=$:M^*/ct*?I^S 

[0034] ;M*4<b^€.^^Ht»*<OKmS)&«2 . 2 5 

^m>c^f>mmoiK m$&mfi:s: 2000 -OcLt-cn ^ 

<Dmf^ly<. 2 5 0 0'Cfe^-h"Ctf 

<. 2 8 0 0"Cli^±'Ctf'5<D:?&«^e>^cWi Ut^ CCDcfc 

[0 03 5] tiT-Otg^lt:fcj<l:O'&^^fii<0ffl5 . r 

mcJ:^ (00 2) ©coMPalP^ ( d p 0 2 > . 
>rX(Lc), *5j:0'TJUrj>-f :t> U-1f --^^v:^ 
hJl/CC*>Ct^ 1 5 8 0 cm-*<Db--i?®SCC>^-r^ 
1 3 6 0 cm-'CDf-tJ'SSStb-Cab^Rfil^mc^^Ci 

*^-c^5o -fiatc^^wmi (002) scDffiMPa (d 

0 0 2) (Dmi>^^b^ < . *£a^^^1^^X (L c ) ^^i^^i.^ 
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tc>rtL. :4^^9^(DmS!miJe^M^4ti (00 2 ) gnOffifOi 

( d 0 0 2 ) (om^^n^^ < > ^5d^^^i;*-< X < l c > 
W4>'^'^^^o*Sa^tt«isc>:6i, mmtv.^(ommiS:m (tat 

[0036] *9tta^<0=fet5tt€:ai6?>^/cJ?>tC(i. te^ 

^ /cfit>T? * ^> i n o 

[0 0 3 7 ] t»i*^^g$CD4^<D— ^14^ (lf@«[ 
^^) tc}gMbro^^t4^(Oflil& (K{i£»n) 

^ibffl^tt. -trtjif^h. nm^^^t^m^xh^. fete 

[003 8] -nsimc. m)ti^. ^iK. mtK(Dmmm^ 
M{ b-r -2) Mf^tc ab ^ o c n « . . t&s^cc ct.o li^*^ cfc 0 ^ 

[0 03 9] :*^^H^^601^S4-Cji. ^mSi05(5C^^'U 
*«^lWc:i5-^t:rti. «»f*<0?ElR1<fe4>. f5lB$cc;^c;!f < |Si_b 



[004 0 1 3|c^B^K:*5c>r(i. t}^m:^^^M^^-mm 

I ^ /c^5^ M ^ ^> u t^Mf ti^^ ^ {^ffl -r ^ c i *i -c # 

hiUC:teC:f^ 15 8 0 c m-"C0f-^?secc>ft 
1 3 6 0 cm-'cDt*-t>^(^l:t:T**^R{l*S0. 0 
l—O. 2 5-C. irftXl^Ielfii^j^fCJ:^ (0 02) ®0 
Oarafii (d 0 q 2) ;&^0. 33 7 nm^?^. f^B^^t^'T 
X ( L c > O n m«±-c*^lM*4Mi8a«9^*. ;^ 

1f— hJUCC4bn:f ^ 1 5 8 0 cm' 'cot- 
-^^@[&C^-tT^ I 3 6 0 cm-'CDf-^^Stb-C^^ 

<*:^ <0 0 2) ®fOiaPa1P^ (d 0 0 2) ;&5 0. 3 37 n 
mm^. m^^V-^f X ( L c ) *5 9 0 n m J^JiT?* 0 . 

» y^mm^i}^ 0 - 7 5 g / c J^:^±0^ffi$ n/c 
[004 1 ] 

«*4 i rE^r b^^«. . gjEeKt- -2) C i tc J: -c^ 

[0042] mmxmmiti:m^iT$i^imm{t-^mt u 

F CCf=;^> h^-Y^b. Ti^-:>.-7> K f y ^i^ri'l^ 

d^V tr-=-jUT^t':3-^t'^cot^^Jt'2^^53^^<t 3 - ^^;^ 
"73l >^-^Ui--;UAT;i/r't KHMt. 3, ^-l^M'^}^ 
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O^^i^g^fbTk^. :7:«::^i»^T^ V^^>^j:i(D^^5l 
[0 04 3] ^/c. Sta-Cg^^fb'^rjlff^-li-^W^fb^ 

-r ^ Kf5ffl§^iafi|||bteeiB§^:7^L':7 jUTil^n-^jbOJ: 

10 '?rj:m^{tn.m^^mMtx^^m^^c^i)^x^i>. ^ 
fc, cne<ows<b^«5^:i^»^tcjt;Dr. mMm^^m 

^"^x^mr^ctii^x^^^ cne<DWtSfb^!f^<!:^ 

[0 0 4 4 ] (^1 XII) mmmm.mmtmmt4W 
i^^mcfZ^oxmm^L^h(fcm^<onim(Dm^i^'^m 
mmm^m^xm^o. tm^i^^ft^xii^ 

20 (^2X11) ('i^^^tCJt^D'C^JIfST^Xfl) 

mmimnm^Tx 500-3000 -ctcfinife ^ 
(i^4xfi) i'^^mci^c^oxmrn-r^nm) 

30 [0 04 5 ] m—xm<oM^(^mux\t^. mm^mm o 
-c^cfcc^u mmurji<xhJ:i}. mm^^mr.^m^ 

xt^iia*>63 0 0-CjyT, ttf^L<itmUf)^h2 0 0 

•Cfe^T. ct 0^7* < «^ra:^J^^ 1 0 0-Ci^T3?)m^^ 

n^. l^-xfitc:fdc^r, w^fb^^^<L^Sffi)^^W4 
mm^c^mt^'m^i^m^-^^ct^^x^^^ m2j:m 

40 il^3 0 0 "Cfe^Ji. ft?^ o < tJ4 0 0 -c . 

i^i±. lEtc^f $ 1/ < 5 0 0 'c\ix±x^ 0 . ±mumc 
mm^txrji^^^^s 0 0 o-ci^T, if?^ L< c*2 8 0 o'c 

l^T. ?eCCi^f^U<«. 2 5 00"CJtUT. 5f^CCJiFSlv 
< I 5 0 O-Cfe-ITT*^^. ^2Xflti^BS~r'5C<h^ 
m^X^^f)K iS^«^2XfM^tfor4iPomS^f#/c 
f^tc. HTSXIl^tf^o 

[0 04 6] m3j:^%<Dmm^mxit, mmmum^n^ 
mic^^x^=^^rj:if)y mn\tboo'ca±. 

50 < ti 7 0 0 *C«±. IgCcS? ^ < 9 0 0 •CWJzT?^ 



♦ 
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^. JbFfifa^Ciifi^3 0 0 0 'Ci-U-JF. ftf * U < « 2 8 O 
<(J1 bOOX^Xr^^i>. traits. i^^PiES. 

TTfTOci^r^i, cnecDXfitcm^-SRit^ffiw® 

IK 

[0 04 71 ^mM<ommmmmmm^mttm(^i^(rr ^ 

^) ttMSO. 1—5 OffiM%. ilf*lJ<«0. 5 — 2 

b<t3:2 — 1 omS%i^dC 6 J: ^CCil3^T2>. */c. :^ 

2-70am. b < «4--4 0 w m. J:K>ttf^L< 
«5 — 35Aim. 5 6CCj^?^0< «7--3 0 Atm-C* 
BETa^fflC^Trl'J^L/cJ:bil®fflii0»JxtiO. 1 

L< til -7m'/g. mctiJtU<U\--4m'ygX^ 

[0 04 8 ] :^^m(ommmmmmMm^m^i,t. x^m 

5 14 5 cm-'<7>T;Uzr>^:^'>U-tf-?fe^fflC?/c^ 
h^l/^5^tC*JCiT. 1 580—1 62 0 cm 

..-^©Kffl.CCJin^ f - ^ P.A Cf .- I. A ) -(C>Pf-^ 

^ 1^5 0 1 3 7 6 c m-'<^mm(fcmtii>\^'- p p b 

(bf-'i'^Sl B) (Ott r I B/I Aj 
Rmf)^. W^b<«0. l-O. 7. ?^Wf^b<ti 
Q. 20-rP- 7. !|ttc:ft?*U<friO. 25-0. 6T' 
*)^o.i/c. ^-jy'mmtO, 7 0—1, 40er/cin 
\i?iU<(iO. 75-1- 40g/'cm\ 3 6CC$? 
*O<«0. 85—1. 4 O &/cm'cC)$5fflCC^lj®J-r 

[004 9 ] mm 
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mw<Dmmcm^ o r c <h ^ 

J: 0 fffgf bT ^ c i J: -D r ffi^(D?c«?BlK^iSj±3 

10 m^EEmmm<o:^m'vmm<omit(rcmm-r ^ c i 4>-c 
[0050 ] m@i^iatci^«T^>c<hy>i7?#-&^#^ij<t 

> ' :^^iyiy^U ':^^^m^#. "eoyT^mmtin^. . ^ 

2-12) ^S^^^cr)i)cMt§}fi^<:^i^5^^. -"K V V ffc 
>^tS^i*, h ^:7JU^i-a j:.^u>, 

^F^^W^n. 3^6tcti'j^':;A-Y:t>0[>'f:3i->{£^1i 
30 [005 1] -/^>{£il?^€WT-2»i©5^T-<bL-C«. 3j< 

x^ 7";i.^ii5^^ib^!fe. d< X -^Mt^'^o^^W' 

•jr'>:^-d^\t^- i<';r^ VP-::- 

{^^m^. u^-^^Aia. ^/cCiu^-i^A^j^f^i-rsT 

fu>. ^^x^U'>, r -:^^P^ ^ H >^<^)i^o>^ 
^^^^T-SW^fb^l^Jiiaiat^^-jJ^^- h^iStti^ 

40 <Dwmb^4^5^ge^u/c^^mt^eci5&i"c#^>. ceo 

z^^^tJ. $?*b< 1 0 * s/ciniU±. cfcO*f*b 
< I O-^ sx^cinJi^±-C*)&, 

[005 21 mSffli^^W*4*^cW^®mS/l«lit^^ 
50 figfflm5S«f4*/c«mfiifflffi®miS^5RWr4tc^^or*S 
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mmmmm mmmm^mmm\±^^'^ ^ tc ^ , 
[0 0 5 3] ^mM<ommm^mfm^fc{,tmmmmm 

b<«0. 7-1. 5 5 sycm'^-r^C^^J:*)^ 

«t4«i^^<D u ^ A ^ >o K - y'i^Mt.m V-y^ 
[00 54] n^x^yfe 

3f4c* c n 6 <D^f*««Jccpfi5£ 5 n s 4> CD -et* t 

[0 0 5 5] :$:^0/)CD||^7k^.-;:X^?fe^t8f?S;T'5iES^ 
LiFeO,. LiCoO,. LiNiO,. LiM 
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n,0.*5cfcC/cn6<7>^M5£thfb^1^. MnO,. Ti 
S,. FeS,. Nb3S4. CoS,. V 

,0,. P,0,. CrO,. V,0,. TeO,. GeO,^ 

(0 0 5 6] :^^B«-cmci^iE^^m(*«:ti. m^r^cfi 

10 \%. ma. IVa. Vai^OB. 4 B, 5 Bl^) CCl^-r-S 
e^tctj. Al. Ti, Zr. Hf. Nb. Ta*>ctO'C 
I. Ti. Ta*5j:O'cn6(0^11^^tf^^^»f3s U 

[0057] 'i^mnc^ni^^^'^^'mmi^m't^nm^ 

20 •^4JST>-tJ=.'t?AiaiCci-^fflt^^Ci*i'Cif 

fi^OCti. LiClO.. LiPFs. LiBF.. LiC 
F.SOj. L i N (CF3 SO,) LiN{CF,CF 
,SO,)z. LiN(CF,SO,) (C,F,SO,). L 

i c (cF.so,) ,i)^ibt^^miphm\R^tx^ iJLa± 

[0 05 8] #^7K3S^^idl<bU-rt*, Ji^U>:^-;i^-t^- 
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